Objectives: To investigate the progress of rheumatic fever (RF) and the predictors of severe chronic valvar disease. Design: Patients prospectively followed up since their first attack of acute RF (ARF). Setting: Universidade Federal de Minas Gerais, Brazil. Patients: 258 children and adolescents who met the revised Jones criteria for RF. The follow up period ranged from 2-15 years. Main outcome measures: The presence and severity of mitral or aortic valvar disease were determined by both clinical and Doppler echocardiographic examinations. The variables associated with severe chronic valvar disease were initially identified by the Kaplan-Meier method and, later, by multivariate analysis. Results: Doppler echocardiography of 258 patients studied showed that 186 (72.1%) developed chronic valvar disease and 41 (15.9%) progressed to severe chronic mitral or aortic lesions. Of 146 patients who developed carditis, 49 (33.6%) had a normal clinical examination in the chronic phase but only nine (6.2%) had normal Doppler echocardiographic findings-that is, 40 (27.4%) patients progressed to chronic subclinical valvar disease. Moderate or severe carditis, recurrences of ARF, and mother's low educational level were risk factors in predicting severe chronic valvar diseases. Conclusion: The increased risk of progressing to severe chronic valvar disease was associated with moderate or severe carditis, recurrences of ARF, and mother's low educational level. Hence, in a country such as Brazil, the options available for disease control are mainly primary and secondary prophylaxis.
I
n developing countries such as Brazil, rheumatic fever (RF) is still an important cause of morbidity and mortality among schoolchildren, adolescents, and young adults. Epidemiological studies have shown that, in the absence of acute RF (ARF) recurrences, new lesions may appear or prior lesions may be aggravated, though at lower frequency and severity. The prognosis is directly associated with severity of carditis and recurrent ARF attacks. [1] [2] [3] About 60% of patients who developed heart failure during the first ARF attack had developed some valvar diseases 10 years later. 4 However, even these patients have a greater chance of improvement or even regression of the cardiac lesion if they undergo adequate secondary prophylaxis. 5 6 Progress in diagnostic methods, particularly the use of Doppler echocardiography, has provided a more precise evaluation of valvar disease. Several studies have shown that the Doppler echocardiogram is an important tool for accurate diagnosis of cardiac involvement. [7] [8] [9] [10] [11] When Doppler examinations are associated with clinical evaluation and laboratory tests, it is possible to determine to what extent RF has affected the heart. 7 8 12 In the current medical literature, the prognosis of RF has been evaluated in relation to the importance of each variable, such as severity of carditis, prophylactic control of the disease, and socioeconomic conditions. [13] [14] [15] Therefore, the objectives of this investigation were to study the progress of valvar disease by means of clinical and echocardiographic evaluations and to identify the independent variables that predict severe chronic valvar disease.
METHODS
This prospective study enrolled 258 children and adolescents with diagnosed RF from August 1983 to December 1998, during their first visit to the service. Age at the first ARF attack ranged from 3.2-16.5 years, with a mean (SD) age of 9.0 (2.6) years. All patients were seen at the Division of Cardiology, Department of Paediatrics, Universidade Federal de Minas Gerais, Brazil. It is a reference centre for RF in the metropolitan area of Belo Horizonte, a region inhabited by roughly three million people. Children were followed up on an outpatient basis by the same team of paediatric cardiologists for a period ranging from 2-15 years (mean 5.4 (2.7) years). The committee on clinical investigation approved this study.
The diagnosis of RF was based on revised Jones criteria. 16 Carditis and chronic rheumatic heart disease were classified according to the criteria adopted by the service. 1 17 The acute phase was characterised as the period from the onset of symptoms up to 12 weeks, or before, when normal results for acute phase reactants were found. The diagnoses of established chronic rheumatic disease by clinical examination, ECG, and chest radiography and of chronic rheumatic valvar disease by Doppler echocardiography were considered only two years after the acute phase.
In the acute phase, 109 patients underwent Doppler echocardiography but the results were not included in this study. During the chronic phase, all 258 patients underwent yearly clinical evaluations and Doppler echocardiography, based on clinical indication, but all patients underwent at least one echocardiographic study in the final evaluation. The presence of subclinical chronic valvar disease was assumed after at least two years of the last ARF attack, for the cases with no clinical evidence of heart involvement, but with Doppler echocardiographic indication of valvar thickening with stenosis or regurgitation not defined as physiological leakage. [8] [9] [10] During the acute and chronic phases, mitral and aortic valvar lesions were quantified by the Doppler echocardiography criteria adopted by the Echocardiography Laboratory of Universidade Federal de Minas Gerais. 17 The valvar lesions classified in the Doppler echocardiograms as mild to moderate were determined to have moderate involvement and lesions classified as moderate to severe were analysed as severe. M mode measurements, cross sectional echocardiography, and pulsed, continuous, and colour flow Doppler were performed to assess heart involvement and severity of valvar regurgitation and stenosis. All echocardiographic examinations were carried out by an echocardiographer who was unaware of the patients' cardiac involvement. The echocardiographic devices used were Siemens CF Plus and Hewlett Packard 1500 (Andover, Massachusetts, USA), with 5.5 MHz and 2.5 MHz transducers.
Since only one patient died during the study, the adverse event (response variable) chosen in the analysis of predictive factors of poor prognosis was occurrence of severe chronic valvar disease. It was defined as the presence of severe mitral or aortic valvar lesions as recorded on the Doppler echocardiogram. The baseline was defined as the date of the onset of the acute phase and the final event was defined as the occurrence of any type of severe mitral or aortic valvar lesion at least two years after the first ARF attack and recorded according to Doppler echocardiographic classification. The variables associated with severe chronic valvar disease were initially identified by the Kaplan-Meier survival estimate. The differences between the classes of explanatory variables were evaluated by the log rank test. Variables with p , 0.25 were included in the multivariate analysis. The multivariate Cox regression model was used to determine the effect of each intervening variable while controlling for the influence of all other variables on the development of severe chronic valvar diseases. 18 
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RESULTS
In the evolutionary analysis of cardiac involvement based on clinical evaluation, we observed that 38 (59.4%) and 11 (15.7%) patients had regressing heart disease when carditis was mild and moderate, respectively. No regressions were observed in severe carditis (table 1) . Of 258 patients studied, 186 (72.1%) developed chronic valvar disease and 41 (15.9%) progressed to severe chronic mitral or aortic lesions in Doppler echocardiograms. Seven (6.3%) of 112 patients with no clinical evidence of carditis developed moderate valvar disease but none developed severe valvar lesion (table 2) . One hundred and forty six patients developed carditis and 49 of them (33.6%) had a normal clinical examination in the chronic phase but only nine (6.2%) had normal Doppler echocardiographic findings-that is, 40 (27.4%) patients had carditis evolving to chronic subclinical valvar disease.
In the univariate analysis (table 3) , variables such as race, mother's low educational level, and low family income were significant risk factors in predicting severe valvar disease. Severe valvar disease was more frequent in non-white patients. The mean schooling of 258 mothers was 4.1 (2.9) years. A high percentage of mothers did not complete elementary school (86.0%) and 13.2% were illiterate. The cut off point for this analysis was four years at school. To assess family income, the cut off point was a salary equivalent to three times the minimum wage in Brazil (US$240).
ARF recurrence was a risk factor in predicting severe chronic valvar diseases. Of 54 patients who had ARF recurrence, 21 (38.8%) had a poor outcome, whereas only 20 (9.8%) of 204 patients who had no evidence of ARF recurrence progressed to severe chronic rheumatic valvar disease (p , 0.0001). Of 258 patients studied, only one died: a female adolescent who had five recurrent ARF attacks. Regarding nutritional status, the univariate analysis showed that a low z score for weight at enrolment, with a cut off point of 21.29, was predictive of poor outcome. During the first attack of ARF, 24% of patients had chorea, alone or associated with arthritis or carditis. Only three (12.5%) of 24 patients who developed associated carditis progressed to severe valvar disease.
In the multivariate analysis, only three variables were independently associated with severe chronic rheumatic valvar disease: severity of carditis, ARF recurrence, and mother's educational level. The final model also showed a severe interaction between mother's educational level and ARF recurrence (table 4) .
The survival curve for chronic rheumatic valvar disease was stratified by severity of carditis: in the high risk group, moderate and severe carditis; and in the low risk group, mild carditis or no carditis. Figure 1 shows the survival curves for 258 rheumatic patients by the following variables: mother's schooling, severity of carditis, and recurrent ARF attacks.
The interpretation of the mother's educational level variable as a predictive factor of poor outcome took into consideration two situations: absence or presence of ARF recurrence. Among the patients with no ARF recurrences, the risk of developing severe chronic valvar diseases when their mothers had less than four years of schooling was four times greater than the risk of those whose mothers had studied for four or more years. However, when recurrences were present, the risk of developing chronic valvar diseases was practically the same (0.94 > 1) for both groups of children. Among the children whose mothers had studied for four or more years, the risk of acquiring chronic valvar diseases was 6. 
DISCUSSION
Death is always accepted as an adequate end point in the analysis of predictive factors of poor prognosis. However, since only one patient died in the group followed up in this research, the occurrence of severe chronic rheumatic valvar disease-verified by Doppler echocardiography-was adopted as the end point for this study. To our knowledge, there are no published data on multivariate analysis to assess the RF outcome. Multivariate analysis was applied to the data to control for confounding variables in determining prognosis. Severe chronic rheumatic valvar disease requires at least two years to be defined as such or to develop. 1 Thus, the determination of the time interval up to the occurrence of this outcome was important for this analysis, resulting in the use of a survival analysis model. 19 In agreement with data reported by other authors, the poor outcome varied according to severity of carditis. 1 20 None of the patients who developed arthritis, either alone or in association with chorea, and who had no evidence of carditis progressed to severe chronic valvar disease. However, of 82 patients with moderate or severe carditis, 69.5% developed rheumatic heart disease and all patients with severe carditis had clinical evidence of rheumatic heart disease. Chronic subclinical valvar disease was seen in 27.4% patients, and regression of valvar lesions was less frequently detected by Doppler echocardiography than by clinical assessment.
This investigation detected a high percentage of mothers who did not complete elementary school (86.0%) and illiterate mothers (13.2%). Such results probably reflect the unfavourable socioeconomic conditions of the Brazilian population. Other authors 21 reported a higher incidence of RF in population segments in which the parents have a low level of schooling. The present study showed that low family income (cut off point of three times the minimum wage) was significant in the univariate analysis as a predictive factor for severe valvar diseases, though it did not remain as a risk factor in the multivariate analysis. Moreover, the z score for weight at enrolment, with a cut off point of 1.29 (corresponding to 10th centile), achieved significance in the univariate analysis but did not remain as an indication of poor outcome in the multivariate analysis. Other studies reported that the evolution of the disease is worse in patients whose nutritional status is below optimum. 22 The univariate model indicated that race was a significant risk factor in predicting severe valvar disease, with a more frequent poor outcome in non-white patients, but it was not confirmed in the multivariate model. In the medical literature, ethnic and racial differences related to the incidence of this disease are explained by socioeconomic factors, except for the Maori population of New Zealand. 23 ARF recurrences are known to be directly related to morbidity, mortality, and progression of the disease 2 3 24 25 Confirming these data, in our study the number of clinically observed ARF recurrences had a definite influence on progression of the condition.
The multivariate analysis results indicated that there was a significant interaction between mother's educational level and ARF recurrence. In patients who had no ARF recurrence, the risk of developing severe chronic valvar diseases was four times greater for patients whose mothers had studied for less than four years than for those whose mothers had studied for four or more years. In cases of recurrence, the risk of developing severe chronic valvar diseases was the same regardless of their mothers' educational level, showing that ARF recurrence is a very relevant prognostic factor.
Multivariate analysis showed that moderate or severe carditis was an important predictive factor of poor outcome, independent of any other variable. Among the children with moderate or severe carditis, the risk of developing severe chronic valvar diseases was 16.42 times greater than the risk for children who had mild or no carditis. It was shown that severe chronic rheumatic valvar disease was more frequent among patients with moderate or severe carditis, with ARF recurrence, and whose mothers had a low educational level.
As Eisenberg 26 previously emphasised it is unlikely that poor living conditions, agglomeration, unequal income distribution, low educational level, and malnutrition will change greatly within a short period of time. Hence, in a country such as Brazil, the options available for disease control are mainly primary and secondary prophylaxis.
